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Successful implementation of wireless technology in the construction industry has the potential 
to streamline the building process and improve the service that is delivered to the owners of 
projects. A need exists for improving access and transfer of digital communication and 
documentation, regardless of the time or location. Recent developing trends in technology 
promise to introduce efficiencies that were not previously available within the industry. This 
study seeks to identify the current state of wireless information technology among employers of 
Bowling Green State University Construction Management students. The research design 
analyzed quantitative data from a web-based survey that presented results on views of the current 
usage and interest in wireless technology as well as an assessment of respondents’ opinions 
towards wireless technology. 72.1% of respondents had high interest towards using tablet PC’s, 
smartphones and wireless hotspots. However, email and drawings remain the only information 
that is accessed by the majority of respondents. While interest levels in wireless technology are 
high, the results of the research study reveal several areas that need improvement before 
significant progress is made. Several concerns were outlined that may be preventing adoption 
including slow download speeds and durability of devices. Respondents who are spending more 
time per week on their wireless device are able to realize improvements on productivity and 
customer service skills. 
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 THE CURRENT STATE OF WIRELESS INFORMATION TECHNOLOGY  
AMONG EMPLOYERS OF BOWLING GREEN STATE UNIVERSITY CONSTRUCTION 
MANAGEMENT STUDENTS 
 
SECTION I. INTRODUCTION 
Context of the Problem 
The construction industry is continually generating projects that are increasingly complex 
and fragmented in nature, yet contractors unabatedly face shortened project durations and 
reduced budgets. As a result, the timely delivery of accurate information becomes even more 
important for all project participants, as it forms the basis on which decisions are made and 
physical progress on a given project is achieved. According to Mohamed & Stewart (2003), 
wasted time and cost in construction projects can, more often than not, be traced back to 
inadequate, late or inconsistent handling of information. Construction projects can often times 
generate 1 to 2 million pages of documents throughout the course of a job. Without the proper 
means, retrieving pertinent information from these documents can be a very time-consuming 
process for anyone involved with a project (Zack 2002). 
Electronic document and project management solutions have increased in popularity as a 
result of these circumstances. Web-based Project Management (WPM) allows project 
participants to access relevant documents through the Internet from virtually any location that 
has web access. However, the wired access points that are available through the clients’ Internet 
service provider limit the benefits of WPM. The functionality of WPM and other information 
technology can be greatly improved by increasing the mobile ability of the Internet through the 
use of wireless information technology.  
Wireless information technology consists of networking hardware and software that 
significantly increase the mobility of user access to the Internet by eliminating the need for wired 
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access. This can be done either through a cell phone network with data capabilities or a wireless 
local area network (WLAN). Recent price reductions and improvements in information 
technology and network speed have allowed many progressive contractors to begin to adopt 
wireless communications and Internet-based technologies in an attempt to improve 
communication between the office, the job site, and the client (Aziz, Anumba, Ruikar, Carrillo, 
Bouchlaghem, 2005). A construction workforce that is outfitted with wireless technologies could 
gain mobile access to various critical applications, such as construction management programs, 
schedules, cost accounting and documentation management. Several software providers have 
adapted construction project management software to run on handheld computing devices, 
allowing the wireless transmission of data from nearly any location that can access a cell phone 
data network. 
Many research studies support the enhanced communication, faster decision-making, and 
cost savings that result after initiating information technology solutions (Mohamed & Stewart, 
2003). Successfully implementing wireless technology in the construction industry could 
streamline all operations of the building process by transcending physical distance when 
accessing or manipulating information. Significant productivity improvements and shortened 
project durations could be realized as a result (Menzel & Rebolj, 2004).  
Most importantly, adopting wireless information technology can greatly improve the 
service that is delivered to the owners of projects, as they ultimately receive the benefits. 
Improved customer service can be realized through customizable web interfaces that are set up 
specifically for the project owner to review updated drawings, changes in the schedule, and other 
project data. The owners’ demand for the technology is an important factor in the rate of 
3 
adoption across the industry. If owners begin regularly requesting advanced technology, then the 
industry will have no choice but to follow (El-Diraby et al., 2004).  
Statement of the Problem 
The problem of this study was to identify the current state of wireless information 
technology among employers of Bowling Green State University Construction Management 
students. 
Objectives of the Study 
 The following research objectives were developed in order to address the problem 
associated with this study: 
• To assess the current state of wireless information technology within the construction 
industry. 
• To identify the positive and negative aspects of utilizing wireless networking information 
technology on a construction project. 
• To develop a future vision for wireless information technology in the construction 
industry. 
Significance of the Study 
Recent research has shown that the use of information technology in construction has not 
progressed to the level seen in other industries (Mohamed & Stewart, 2003).  This is likely due 
to the fact that the decision making process behind investing time and money into wireless 
communication technologies is poorly understood (Bernold, Lu, & Williams, 2006).  After 
analyzing results of similar studies, one could infer that utilizing an efficient and convenient 
process of accessing data by means of mobile computing can often times be overlooked.  
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Contractors and industry professionals may be hesitant to look toward emerging 
technology as a way to improve the bottom line for several reasons. Construction companies 
with accounting or project management software already in place may be hesitant to make a 
large investment into new software with wireless capabilities that has not been proven to provide 
cost saving benefits within their organization. Some may be dissuaded by the perceived barrier 
of entry that could exist due to additional training, software support, and hardware purchases that 
may be required of some systems. Others may be reluctant to progress because of the apparent 
legal and security complications that could result from the lack of retaining hard copy 
documentation with signatures of change orders or approvals (Alshawi & Ingirige, 2003). 
However, contractors must realize that wireless communication technology has become 
extremely feasible with regards to both setup and cost and a return on the investment can be 
achieved in relatively little time (Emborg & Olofsson, 2004). Also, recent court rulings have 
determined that an official document does include all information created, stored, or transmitted 
electronically and can be verified and submitted as evidence in a trial (Zack, 2002).  
The successful completion of this study is beneficial to construction professionals by 
bringing to light current industry opinions of the functionality of wireless technology. The results 
of this study can help companies that are investigating wireless information technology by 
presenting key factors that should be considered prior to a successful implementation. Software 
and hardware developers can benefit by gaining insight into the current state and future vision of 
wireless information technology for continued research and development. As stated above, an 
increased understanding of the current state of wireless technology can improve the management 
and utilization of this technology throughout the industry.  
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An additional benefit of this study is that the results could be used as a resource for the 
Construction Management and Technology program in the College of Technology at Bowling 
Green State University (BGSU). If a need exists to conduct a review of the current state of 
technology present in the curriculum, these data can be useful to evaluate the level of knowledge 
students should possess of wireless information technology. The results of this study should be 
considered to be included as part of a learning outcome for future coursework.   
Assumptions/Limitations 
The assumptions related to this study are listed below. 
• The variables relating to wireless technology are presumed to have been clearly defined 
and the research instrument is reliable at measuring these variables.  
• The professionals sampled are presumed to be representative of the research population 
and to have answered each question honestly. 
• The professionals sampled are presumed to have retained knowledge of the current state 
of wireless information technology in construction. 
The limitations related to this study are listed below. 
• The sample used for this study was limited to professionals in the construction industry 
whose contact information is currently stored in the PlacePro database at the Office of 
Cooperative Education in the College of Technology at BGSU.  
• The results of the study are limited by the terms, definitions and answer choices provided 
within the research instrument. 
• The results of the study are limited by the validity and reliability of the instrument. 
• The results of this study are limited by the ability of the statistical analyses chosen to 
determine statistical significance for the research population. 
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Definition of Terms 
 This section reviews the industry-related definitions of the terms that will be used: 
• Wireless Information Technology: The development and management of computer 
systems to process, transmit, and retrieve information wirelessly.  
• Wireless Local Area Network: A network of computers that are connected without the 
use of any wired connections. This technology utilizes radio waves to allow for 
connectivity in a limited area.  
• Mobile Computing Device: A portable computer that has the ability to combine 
telephone/fax, Internet and networking features, as well as the ability to synchronize data 
with a contact database through mobile data applications. 
• Construction Claim: A request by a construction contractor for compensation over and 
above the agreed-upon contract amount for additional work or damages supposedly 
resulting from events that were not included in the initial contract (Adrian, 1993). 
• Web-Based Project Management (WPM): An electronic project management system 
conducted through a private network that uses Internet protocols to store and transmit 
information (Nitithamyong & Skibniewski, 2004).  
• Situational Awareness: The ability of equipment operators to sense their environment 
through Global Positioning Systems, wireless and web-based technologies with the 
objective of increasing safety and improving productivity (Ikeda, Oda, Oloufa, 2003). 
• Radio Frequency Identification (RFID): Technologies that provide a wireless means 
of communication between objects and includes the systems used to manage them. RFID 
can identify and track specific physical assets in real-time without human intervention or 
line-of-sight contact. (Alvarez & Wood, 2005). 
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SECTION II. REVIEW OF LITERATURE 
Recently, there have been many developments towards the convergence of wireless 
communications and Internet-based technologies. Mobile collaboration using wireless 
networking can be very effective at minimizing the impact of the physical dispersion of project 
managers and site supervisors (Anumba, Aziz, Bouchlaghem, Carrillo, Ruikar, 2006). Research 
performed by Bayramoglu (2001) and Beck (2001) has suggested that reductions in project 
delivery time of 20 to 50 percent are possible when enabling technology results in improved 
communication between project participants (as cited in Alvarez  & Wood, 2005). Contractors 
should be progressing towards enhanced digital communication and documentation that can be 
accessed and transferred, regardless of the time or location. This achievable goal can be 
simplified with the use of wireless networking technologies and would provide improved storage 
solutions and better searching capabilities. Illustrated within this review of literature are current 
trends and perceptions of contractors utilizing wireless information technology on construction 
projects.  
Mobile Computing Devices 
Modern advances in the capabilities and user functions of mobile computing devices have 
created new opportunities in the construction industry and have “emerged as a promising means 
to improve the possibilities of distributed collaborative teamwork” (Johanson & Torlind, 2004, 
p.355). Enhanced processing capabilities, increased memory, and extended battery life, may 
finally be able to meet the requirements of constructions’ resource-intensive environment. The 
market penetration of mobile phones is worth noting as the distinction between a phone and 
Personal Display Assistant (PDA) has become ambiguous with the advent of smartphones. 
Smartphones combine the features of a cellular phone with those of small personal computer. 
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Along with smartphones, tablet PC’s are increasing in popularity due to their combination of 
increased mobility and a touchscreen display that is more suitable to a rugged environment 
versus a typical laptop PC. Van Hampton (2011) described tablet PC’s as a tool that “offers 
construction users new ways to speed up communication, obtain client approvals, complete 
inspections, arrange logistics and manage other complications.” 
Both smartphones and tablet PC’s possess the ability to run operating systems that tailor 
to industry-specific mobile applications or “apps”. They are capable of viewing and editing 
standard file formats and display rich Internet browsing. The construction industry could begin 
the process of adopting wireless information technology simply by upgrading to the enhanced 
features found on these devices. An analysis of existing software revealed that many options now 
exist on the market for mobile construction applications. However, it is necessary for software 
developers to make rapid progress in order reach the level of innovation found in other industries 
and more importantly, meet the complex needs of its users.  
The acceptance of mobile devices by workers in the field would improve information 
flow between the office and the construction site (Eisenblatter, Keller & Menzel, 2004). Yet a 
key aspect of this point lies in the ability of the device to perform properly in a multitude of 
outdoor conditions and not present any obstacles due to inoperability or navigation problems. 
Fortunately, manufacturers have already proven that they are capable of producing rugged 
devices that can withstand tough environments through the use of shock-proof cases that are 
resistant to both water and dust (Kreigh, 2006; Goh 2006). This capability combined with 
comprehensive training sessions for mobile device operation and a company-wide adoption of 
the technology would create the potential for industry-wide acceptance.   
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While some fieldwork can be completed offline, a consistent Internet connection is 
essential to maximizing productivity with a mobile device. Drawings, documents, and 
specifications can be downloaded, viewed, and edited if an Internet connection is available. 
Daily reports and punch lists could be viewed in real-time as they were developed if the user was 
working directly from a server. A wireless local area network (WLAN) installed on a 
construction job site could be one possible solution to providing Internet access to the entire site. 
However, this technology is inherently known for providing an inconsistent signal when 
interference may be present and is limited to a local area that is reliant upon the number and 
placement of wireless routers. A more logical solution would consist of subscribing to a mobile 
broadband network provider. Mobile broadband utilizes a technology referred to as Third 
Generation (3G) that provides high-speed data connectivity, including access to the Internet, 
mobile data applications and multimedia content. 3G mobile broadband is reported to have 
connection speeds that range from 60 kbps – 2 Mbps depending on the service provider 
(www.cdg.org). 4G LTE networks are currently being implemented nationwide and provide even 
higher connection speeds. These high-speed data networks have the potential of providing the 
user with a reliable, constant connection to the Internet that is only limited by the mobile wide 
area network. 
Looking towards future applications of mobile devices, Johanson and Torlind (2004) 
concluded that successful implementation of mobile computing may be achieved when devices 
have the ability to support the informal communication that often arises spontaneously outside of 
formal meetings. Their study observed ways in which location awareness could enhance 
collaborative work by incorporating “awareness video cameras” around a workspace. These 
video cameras are streamed to a web portal that allow team members in various locations to learn 
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the whereabouts of others’ in hopes of spurring spontaneous collaboration. Overcoming the 
absence of informal communication that results through fragmentation could possibly be 
achieved in the future with applications similar to this (Johanson & Torlind, 2004; Wing, 2006).   
Web-based Project Management 
 In order to ensure successful implementation in the field, mobile devices need to be 
complemented by advanced, yet easy-to-use information management systems (Eisenblatter et 
al., 2004). Web-based project management gives participants the ability to collaborate and 
exchange information across any distance in an efficient manner by providing access to all 
project-related information through the Internet. Developments have increased among software 
companies who act as application service providers (ASPs) and supply web-based services 
through web portals to contractors through subscriptions. However, a recent survey study 
revealed that 51% of the participants stated that their company still has never used a web portal, 
with only 12% stating that they use a web portal frequently. Interestingly, this same study 
revealed that there was no relationship found between the size of a construction company and its 
utilization of web portals (Bernold, Lu, Williams, 2006).  
Wireless Construction Supply Chain Management 
Another benefit of utilizing wireless information technology is the improved material 
management that can result from automatically tracking resources through the network. This can 
be achieved through the use of Radio Frequency Identification (RFID) tags. This advanced 
labeling system can track products and supplies throughout the supply chain by emitting radio 
frequencies from small tags to receivers that can be placed on either individual manufactured 
materials or truckloads of raw material. The manufacturing industry has developed this 
technology to include features to plan capacity and manage order scheduling using the lean 
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manufacturing model (Wilks, 2005). Similarly, applications exist in lean construction methods as 
well with possibilities associated with a tool referred to as kanban management; a model that 
helps to determine when material quantities need replenished (Baudin & Rao, 2005).      
Unfortunately, RFID technology has not currently progressed to the stage of consumer 
demand where significant reductions in price can be realized, as the cost still remains a barrier to 
entry. Another barrier to this technology can be attributed to the lack of standardization that can 
limit the interoperability between different manufacturers of tags and readers. Yet the advantages 
of this technology may still outweigh the cost and lack of standardization in some instances 
where increasing accuracy in supply chain management can allow schedulers to reduce float in 
the schedule that in turn can shorten the project duration and lower overhead costs (Alvarez & 
Wood, 2005).  
Situational Awareness on a Construction Job Site 
Monitoring vehicle and worker locations through the use of wireless networking and 
transmitting this information in real time during a construction project can have many benefits. 
Collision detection technology can be utilized on a large project where many machines are 
operating at high speeds to ensure high productivity. Global positioning systems (GPS) can be 
installed on the equipment to avoid collisions with other machines because they are not 
dependent on line-of-sight as are other technologies like radar (Ikeda, Oloufa, Oda, 2003). 
Although situational awareness technology is still in the development stages, it has the potential 
of drastically increasing safety measures on complex construction sites. 
Web-based equipment tracking is another highly effective use of wireless information 
technology. Relevant tracking data can be used on a large construction job site, allowing project 
personnel to view the load routes of any given piece of equipment (Ikeda, Oda, Oloufa, 2003). 
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This enables engineers to track transit durations and create optimum load routes that can lead to 
increased efficiency and cost reduction.  
WiFi-based positioning systems have been shown to be useful for labor tracking and 
could prove beneficial in complex construction projects where GPS signals cannot reach such as 
indoor and underground construction. With accuracy that is within 5 meters of error, the WiFi 
labor tracking system would function within a Wireless Local Area Network (WLAN) and 
would give managers the ability of using a Graphical User Interface (GUI) to ensure that workers 
are completing tasks in an efficient manner, as well as recording their whereabouts in case of an 
emergency. This technology has been proven to be robust under harsh conditions such as tunnel 
construction sites (Choi et al., 2011). 
Intelligent Wireless Data Devices and Construction Claims 
It is a commonly recognized fact that the number of construction claims and disputes has 
been increasing and has become a burden to the construction industry (Ho & Liu, 2004). 
Managing a construction claim can be a time consuming process for any contractor. If 
contractual disagreements that result in construction disputes could be identified early on, taking 
proactive actions could alleviate many problems. It is necessary for contractors to develop a 
construction claims avoidance strategy that includes wireless technology in order to eliminate 
some of the burdens involved with a claim. Project personnel can educate themselves from past 
projects by searching and accessing comprehensive electronic project data wirelessly. Managers 
could learn from their previous mistakes and streamline future operations by incorporating web-
based project management and wireless information technology into a construction project. An 
efficient means of inputting and organizing job-related data for further analysis could reduce the 
potential shortcomings involved with processing a construction claim (Arditi & Pulket, 2005).  
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Technology and Age 
The correlation between technology adoption and age has not been clearly defined in 
recent research. Some may suggest that many older adults are not interested in new technologies. 
However, it could be that technologies fail to take into consideration all of the strengths and 
weaknesses of older users that would promote usability. In a recent study by Hanson (2010) on 
technology adoption among older adults, it was discovered that older adults tend to not use new 
technology just for exploration, but rather as filling a specific need in their lives. The results 
found some minor differences in the performances of younger and older participants. Yet the 
overall impression was that the older population was just as capable at using technology as the 
younger population (Hanson 2010). 
Instrument Development 
 Data on the current state of wireless devices in other studies has been collected with 
many different formats including telephone and face-to-face interviews, as well as mail and 
electronic surveys. Each method has shown advantages and disadvantages. The following section 
reviews the current developments of various distribution methods to maximize the response rate 
of surveys. 
Surveys distributed and administered electronically continue to rise in popularity and it 
was necessary for the purposes of this study to determine if they would be an efficient means at 
collecting research data. As with other methods of collecting data, there are advantages and 
disadvantages to this method. Wiersma (2005) lists several considerations that should be 
evaluated when developing electronic surveys. First, the sample population must all have access 
to a computer and possess basic computer skills. Next, electronic surveys perform best with 
limited, specific populations that are known to have valid e-mail address. It is also necessary for 
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recipients to have easy access to the survey through an embedded link in the recruitment email 
message. Lastly, a follow up should be conducted as a reminder to the sample population in an 
effort to increase the response rate. 
A mail survey was also researched as a potential option for this study. A mail survey was 
considered in the event that the contact list included individuals who did not utilize a business 
email address for regular communication. However, upon review there were several 
disadvantages to using a mail survey that were discovered when compared to an electronic 
survey. The time and money required to prepare and mail the survey would require additional 
funds allocated to the research budget. The distribution, transit and response time of a mail 
survey could be substantially more than an electronic survey with uncertainties that can arise 
with the United States Postal System. When a survey is distributed electronically, the 
participants’ response time has the potential to be greatly reduced compared to the mail survey as 
electronic information can be is transmitted back to the server instantaneously. For the reasons 
listed above, the electronic survey was chosen as the primary research instrument to gather the 
data required for this study.   
 During the early development stages, the implementation of an incentive was considered 
as an effort to increase the response rate of the survey instrument. Research has shown that 
prepaid monetary incentives have a consistent and significant positive effect on response rates 
for mail surveys (Bosniak & Tuten, 2003). Despite the fact that most electronic surveys 
conducted operate with various kinds of prize draws to attract potential participants, “the 
empirical evidence concerning their effectiveness to influence (non)participation is largely 
inconsistent” (Bosniak & Tuten, 2003). As a result of the findings of this research and other 
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determining factors such as limited funding, it was determined that the study would not offer any 
form of an incentive for respondents that completed the survey. 
Summary 
The previous section detailed a review of literature pertaining to wireless information 
technology in construction and prospective survey instruments. It verified that this technology 
has begun to show acceptance in areas of the United States and other countries around the world.  
However, many ambiguities still exist and the current state-of-use for this technology in the 
construction industry among employers of BGSU Construction Management students is 
unknown.    
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SECTION III. PROCEDURES 
This chapter consists of a review of the proposed research methodology that will be used 
to complete and achieve the objectives of this study. The following sections present the 
restatement of the problem, research design, general characteristics of the study population, the 
data collection instrument, pre-testing of the data collection instrument, procedures of data 
analysis, protection of human subjects, a research timeline, and budget.   
Restatement of the Problem 
The problem of this study was to identify the current state of wireless information 
technology among employers of Bowling Green State University Construction Management 
students. 
Research Design 
 The research design that was used employed the analysis of data that resulted from the 
distribution of an electronic survey. Both nominal and ordinal data were collected by means of a 
web-based questionnaire that was sent via email to pre-selected individuals in the construction 
industry. The results were then analyzed with both descriptive and inferential statistics. This 
quantitative study seeks to identify the current state of utilization of wireless information 
technology among employers of the graduates of the Construction Management program at 
Bowling Green State University. 
General Characteristics of the Study Population 
 The study population consisted of professionals in the construction industry that were 
selected from a national directory provided by the Office of Cooperative Education in the 
College of Technology at BGSU. These contacts had previously submitted their information to 
the Office of Cooperative Education voluntarily and primarily consist of individuals associated 
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with companies who perform as general contractors, subcontractors and construction managers, 
although recruitment was not specifically limited to these subdisciplines within the construction 
industry. In addition, the individuals are listed as contacts for a company that has employed a 
BGSU student for a cooperative education experience.  The study was limited to contact 
information that was developed within the last 10 years due to database limitations and only 
included those individuals who had an updated email address in the database. PlacePro, the 
primary database that was used to develop the contact list, began storing employer information 
during the spring semester of 2002 at BGSU.  
Data Collection Instrument  
The primary data collection instrument of this study was a voluntary web-based survey 
(Appendix D). The respondents’ participation in the study was kept completely anonymous and 
they were free to withdraw at any time. It was permitted to skip questions or discontinue 
participation at any time without penalty. By beginning the survey, subjects were giving consent 
to participate in the study. 
Motivating the sample population was a very important aspect of this study and several 
steps were taken in order to maximize the response rate and ensure that an adequate sample size 
was achieved. The initial recruitment message (Appendix B) was distributed individually using a 
mail merge function, avoiding the use of mass distribution systems that can often be filtered out 
by servers as unwanted email. The email message was individually addressed to the first name of 
the participant and was kept short by only including a few details. Multiple contacts via email 
were issued as Dillman (2000) recommended doing when distributing a self-administered survey 
(as cited in Bosniak & Tuten, 2003). The initial recruitment message was redistributed to the 
sample population seven days later as a follow-up reminder to anyone who had not yet 
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completed the survey. The electronic survey service anonymously recorded IP addresses to 
ensure only eligible participation and to allow the tracking of unique accesses without placing a 
burden on the participant. 
SurveyMonkey was the electronic survey service selected as the primary means to deliver 
the questionnaire due to its ability to “create professional online surveys quickly and an easy-to-
use web-based survey tool” (www.surveymonkey.com). The electronic survey was distributed as 
a clickable link embedded in the email recruitment message to the selected individuals. The cost 
of creating and distributing an electronic survey through SurveyMonkey was much less than the 
costs that would be incurred through traditional mail surveys. In addition, time can also be saved 
throughout the study, as the response time for electronic surveys is often times much shorter than 
that of mail surveys (Bloomfield, 2005). The paid subscription ($24.00/month) was required in 
order to gain access to some of the following advanced features of the service including:  
• Ability to add a header, logo and create a custom design. 
• Ability to send out the survey with a custom URL. 
• Options to filter and cross-tabulate responses by custom criteria. 
• Ability to create custom charts. 
• Ability to export results in multiple formats for further analysis.  
(www.surveymonkey.com) 
The structure of the questionnaire consisted of selected-response questions with many 
including Likert-type rating scales for answers that ranged from least to most and strongly 
disagree to strongly agree as well as numerical ranking scales that ranged from 1 (least) to 5 
(most). These scales were determined to be the most useful way to both assess the attitude of 
respondents and create consistency across the sample. In an effort to keep the survey as brief as 
possible and aid in the final analysis of results, there were no open-ended questions included. 
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The questionnaire was worded to be as brief as possible and sought to determine the participants’ 
opinion of the current state of wireless information technology in construction projects in which 
they had been involved with. The survey only asked the participants for information that was 
essential to the research and also included questions relating to demographics, industry type and 
primary occupation within their construction company. These data assisted in creating 
comparisons and summaries for a statistical analysis of the results.  
Pre-testing the Data Collection Instrument 
 Assessing the functionality of the survey design was an important aspect to the successful 
completion of this study. Four industry professionals were called upon to participate in a pilot 
test of the survey. The survey was presented in electronic form through a link provided in an 
email message, similar to the version that was furnished to the sample population for the 
approved study. The test sample was asked to identify any vague or unclear verbiage in the 
document and note suggestions and performance ratings in an evaluation form that was 
distributed with the test survey. The electronic web survey was also assessed to ensure proper 
functionality among those who may not be completely familiar with navigating electronic 
surveys. At the conclusion of the test period, an analysis of the evaluations was conducted to 
identify the necessary changes and eliminate any ambiguity from the final instrument. 
Procedures of Data Analysis 
 The results of the web-based survey were compiled and exported with the functions 
included in the SurveyMonkey subscription. The raw data was then imported into Microsoft 
Excel for formatting and charting purposes prior to using Statistical Analysis System (SAS) 
software to complete advanced statistical analyses. In order for the software to produce an 
accurate statistical analysis, it was necessary to recode participants’ answers into numerical data 
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and assign each question a unique ID. The staff members at the Center for Business Analytics at 
BGSU were instrumental in assisting with the keyed input required to process the raw data with 
SAS.  
A descriptive statistical analysis of the data was first completed to evaluate frequencies of 
responses among the variables and identify any apparent trends. In an effort to investigate 
probabilities within the data further, SAS was used to run a series of inferential statistical 
analyses. Specifically, the chi-square test of independence and Fisher’s exact test were utilized to 
investigate the relationships among the categorical variables, increasing the validity of the 
findings. Conclusions were drawn accordingly based on a 95% confidence interval. 
Protection of Human Subjects 
 The research involving human participants was conducted within the rules and 
regulations developed by the Human Subjects Review Board (HSRB) at Bowling Green State 
University. A submission of all survey-related materials was reviewed by the HSRB and 
approval by the board was granted after incorporating the requested revisions (Appendix A).  
Their review included an approval of the recruitment message sent to subjects (Appendix B), the 
informed consent letter displayed just prior to beginning of the survey (Appendix C) and the 
electronic survey questions (Appendix D). All communication and surveying of subjects for this 
research study conformed to the HSRB approved submission. 
Research Timeline 







Timeline for Study 
 
Dates (2012)    Task(s) Completed 
January 15th    - Finalize Survey Instrument 
January 23rd    - Pilot test survey 
February 1st    - Survey Approval by Committee  
February 5th      - Submit Survey for HSRB Approval 
March 12th     - Complete revisions from HSRB 
March 20th     - HSRB Approval of the survey 
May 1st      - Delivered Survey to Recipients 
May 11th      - Due Date for Survey Completion 
November 2nd      - Compile Results of Survey 
November 9th      - Complete Chapters 4 and 5 of Project 
November 15th     - Deliver Project to Committee 
November 22nd     - Defend Project 
December 6th     - Submit Final Approved Copy 
 
Budget 
 This section presents the budget that will be used for the duration of this study. Table 2 







Electronic Survey (www.surveymonkey.com)  
Month 1 Billing:  March 2012 $24.00 
Month 2 Billing:  April 2012 
Month 3 Billing:  May 2012 
Month 4 Billing:  June 2012 
Month 5 Billing:  July 2012 
Month 6 Billing:  August 2012 










 SECTION IV.  FINDINGS AND ANALYSIS OF DATA 
 This chapter presents the questionnaire results and provides an analysis and interpretation 
of the data from the survey that was conducted to identify the current state of wireless 
information technology among employers of Bowling Green State University Construction 
Management students. The survey instrument was developed to produce primarily quantitative 
data related to three key areas of interest: demographics, current usage and interest in wireless 
technology and an attitudinal assessment of respondents’ opinions towards wireless technology. 
For the presentation of the data, the results are broken down into two sections. A descriptive 
statistical analysis is described first to summarize the primary results and identify any apparent 
trends of the sample population by reporting frequencies and means. Next, an inferential 
statistical analysis makes assumptions based on the probability of the results from the sample 
reflecting the entire population. Together, the analyses aid in developing conclusions based on 
the research problem. 
Response rate 
The total number of individuals who were initially sent a survey request was 355.  These 
individuals were associated with companies who employed Bowling Green State University 
Construction Management students in the past or present and their contact information was 
obtained from a query of the PlacePro database utilized by the Bowling Green State University 
College of Technology Office of Cooperative Education. Upon the distribution of the electronic 
survey recruitment message via email, 57 messages were immediately returned as undeliverable. 
Therefore, it can be presumed that email messaging resulted in the successful distribution of 298 
survey requests. Anonymous Internet Protocol (IP) addresses were collected and analyzed along 
with the questionnaire results. It was determined that each response was unique. Sixty-two of the 
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298 individuals completed the survey for a response rate of 20.8%. After reviewing the results of 
other surveys completed in the field and due to the statistical analyses used, it was determined 
the response rate was adequate for further study.  
Survey Results 
Descriptive statistical analysis 
The first section of the questionnaire requested demographic information from the 
respondents in the following areas: primary business, primary construction focus, job and age. 
The largest response rate grouped by primary business was 62.9%, representing those who were 
employed in General Contracting. There were no responses from anyone in the Architectural or 
Engineering discipline. Table 3 summarizes the response rate by the primary business of the 
company associated with each respondent. 
Table 3 
Company’s primary business 
  Response Count     n=62 
Response 
Rate % 
General Contracting 39 62.9% 
Construction Management 6 9.7% 
Architectural/Engineering 0 0.0% 
Subcontractor 6 9.7% 
Other 11 17.4% 
 
Of the 62 respondents, those whose company’s primary construction focus was 
Commercial/Industrial represented the largest number, with a 56.5% response rate.  
Residential/Multifamily represented the smallest response rate of 9.7%.  Table 4 summarizes the 





Company’s primary construction focus 
  Response Count     n=62 
Response 
Rate % 
Heavy/Civil 21 33.9% 
Commercial/Industrial 35 56.5% 
Residential/Multifamily 6 9.7% 
 
Fifty-three of the 62 respondents spent the majority of their time in the office, 
representing the largest response rate at 85.5%.  Those who spent more time in the field 
represented 14.5%.  Table 5 summarizes the response rate by the majority of time spent in the 
field or office.   
Table 5 
 
Majority of time spent in field or office 
 
  Response Count     n=62 
Response 
Rate % 
Field 9 14.5% 
Office 53 85.5% 
 
Out of 62 respondents, the majority (35) were between the ages of 36-55, which 
represented 56.5% of the sample population. Only 6 respondents were above the age of 56. Table 





  Response Count     n=62 
Response 
Rate % 
18-35 21 33.9% 
36-55 35 56.5% 
56+ 6 9.7% 
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The next question sought to identify the current level of interest that respondents have in 
using various wireless technologies. The participants were provided with a list that that ranged 
from established to emerging technologies and were asked to indicate their interest on a scale of 
1(least) to 5 (most). Answers could also be selected if they were previously unaware of the 
product listed (N/A) or if they already owned the product (Own). 
How much interest do you have in using Tablet PC’s? 
Twenty of the 61 respondents rated their interest in Tablet PC’s with mobile construction 
applications a 5 (most), representing the highest percentage of interest in wireless technology for 
the question at 32.8%. One of the 62 respondents did not reply to this statement.  Therefore, 
6.6% rated their interest a 1 (least), 6.6% rated their interest a 2, 11.5% rated their interest a 3, 
24.6% rated their interest a 4, 14.8% owned a Tablet PC and 3.3% chose this questions as not 
applicable. 
How much interest do you have in using Smartphones? 
Seventeen of the 61 respondents rated their interest in Smartphones a 5 (most), 
representing the highest percentage at 27.9%. One of the 62 respondents did not reply to this 
statement.  Therefore, 1.6% rated their interest a 1 (least), 8.2% rated their interest a 2, 16.4% 
rated their interest a 3, 18% rated their interest a 4, 24.6% owned a Smartphone and 3.3% chose 
this questions as not applicable. 
How much interest do you have in using Wireless Hotspots? 
Nineteen of the 61 respondents rated their interest in Wireless Hotspots a 5 (most), 
representing the highest percentage at 31.1%. One of the 62 respondents did not reply to this 
statement.  Therefore, 8.2% rated their interest a 1 (least), 8.2% rated their interest a 2, 11.5% 
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rated their interest a 3, 19.7% rated their interest a 4, 27.9% owned a Wireless Hotspot and 1.6% 
chose this questions as not applicable. 
How much interest do you have in using Web-based PM software? 
Fifteen of the 61 respondents rated their interest in Web-based PM (WPM) software at 4, 
representing the highest percentage at 24.6%. One of the 62 respondents did not reply to this 
statement.  Therefore, 8.2% rated their interest a 1 (least), 6.6% rated their interest a 2, 14.8% 
rated their interest a 3, 23% rated their interest a 5, 19.7% owned WPM software and 3.3% chose 
this questions as not applicable. 
How much interest do you have in using GPS Tracking? 
Fifteen of the 61 respondents rated their interest in GPS Tracking a 3, representing the 
highest percentage at 24.6%. One of the 62 respondents did not reply to this statement.  
Therefore, 13.1% rated their interest a 1 (least), 11.5% rated their interest a 2, 13.1% rated their 
interest a 4, 18% rated their interest a 5, 16.4% owned GPS Tracking devices and 3.3% chose 
this questions as not applicable. 
How much interest do you have in using RFID Tags? 
Sixteen of the 61 respondents rated their interest in Tablet PC’s with mobile construction 
applications a 1 (least), representing the lowest percentage of interest in wireless technology for 
the question at 26.2%. One of the 62 respondents did not reply to this statement.  Therefore, 
11.5% rated their interest a 2, 13.1% rated their interest a 3, 14.8% rated their interest a 4, 16.4% 
rated their interest a 5, 3.3% owned RFID Tags and 14.8% chose this questions as not applicable.  
Table 7, as seen below, summarizes the respondents’ interests in the specified wireless 
technologies and reveals that an average of 72.1% of respondents ranked their interest in tablet 
PC’s, smartphones, wireless hotspots and web-based PM software a 4, 5, or Own. This clear 
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majority emphasizes a trend towards a high interest in these technologies. The two emerging 
technologies of GPS tracking and RFID tags have interest levels that are weighted towards the 





























































































































The participants were questioned on how often they accessed web-based project 
management software from a wireless device. Of the 59 respondents, those who selected not at 
all represented the majority, with a 40.7% response rate.  Though respondents indicated a 
relatively high interest level in WPM software in Table 7, it is evident that the industry is not 
able to keep up with implementing ways for the software to be easily accessed from a wireless 
device. The results further revealed the median to be split evenly between extremely often, very 
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often and moderately often at 16.9%. Table 8 summarizes the rate of response by the frequency 
in which respondents accessed WPM software from a wireless device.   
Table 8 
 
Frequency of accessing project management software from a wireless device 
 
  Response Count      n=59 
Response 
Rate % 
Extremely often (multiple times per day) 10 16.9% 
Very often (multiple times per week) 10 16.9% 
Moderately often (a few times per month) 10 16.9% 
Slightly often 5 8.6% 
Not at all 24 40.7% 
 
The following question listed various types of information and applications in an effort to 
determine the frequency in which respondents accessed them from a smartphone or tablet PC. It 
should be noted that respondents were permitted to select multiple answers. Of the 57 
respondents, the most prevalent response was Email with 54 respondents selecting this answer or 
94.7% of the sample. Drawings and Product information/specifications were the next highest 
occurrences at 49.1% and 40.4% respectively. How-to information and Video represented the 
lowest response rate and thus, could indicate an area within the construction industry that would 
benefit from future development.  
Six respondents selected the response other and detailed additional information in the 
space provided. Three of the six respondents stated that they were not accessing any business 
information/applications on their Smartphone of Tablet PC, while the remaining three 
respondents provided answers that included safety information, enterprise content and web-based 
exterior home design programs. Figure 1 summarizes the total percentage of occurrences for the 
specified types of information or applications that were selected by the respondents. 
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Figure 1. Types of business information/applications accessed by respondents (n = 57). 
 
Respondents were questioned how many hours they spent accessing construction-related 
content on a smartphone or Tablet PC on a weekly basis. Out of the 59 respondents who 
answered, 42.4% selected that they spent 1-4 hours per week accessing this content. The smallest 
response rate (15.3%) was for those who chose more than ten hours per week. Three of the 62 
respondents did not reply to this statement.  Table 9 summarizes the response rate by hours per 
week spent accessing construction-related content. 
Table 9 
 
Hours per week spent on a wireless device 
 
  Response Count      n=59 
Response 
Rate % 
None 11 18.6 
1-4 25 42.4 
5-9 14 23.7 
10+ 9 15.3 
94.7% 













The next question sought to identify the respondents’ opinion on the severity of barriers 
to using wireless technology. The respondents were provided with a list of potential barriers and 
were asked to specify their opinion using a ranking scale from 1 (barrier) to 5 (not a barrier).  
Indicate how severe of a barrier high cost is to using Wireless Technology.  
Nineteen of the 58 respondents rated the barrier of high cost a 3 or neutral, representing 
the highest percentage at 32.8%. Four of the 62 respondents did not reply to this statement.  
Therefore, 8.6% rated the severity a 1 (barrier), 20.7% rated the severity a 2, 19% rated the 
severity a 4, and 19% rated the severity a 5 (not a barrier). 
Indicate how severe of a barrier durability is to using Wireless Technology.  
The majority of responses were evenly split with 16 of the 58 respondents rating the 
barrier of durability a 4 and another 16 respondents rating durability a 2, representing a 
percentage of 27.6% for each rating. Four of the 62 respondents did not reply to this statement.  
Therefore, 20.7% rated the severity a 1 (barrier), 13.8% rated the severity a 3 and 10.3% rated 
the severity a 5 (not a barrier). 
Indicate how severe of a barrier slow download speed is to using Wireless Technology.  
Twenty-two of the 58 respondents rated the barrier of slow download speed a 2, 
representing the highest percentage at 37.9%. Four of the 62 respondents did not reply to this 
statement.  Therefore, 17.2% rated the severity a 1 (barrier), 19% rated the severity a 3, 19% 
rated the severity a 4, and 6.9% rated the severity a 5 (not a barrier). 
Indicate how severe of a barrier a steep learning curve is to using Wireless Technology.  
Nineteen of the 58 respondents rated the barrier of steep learning curve a 4, representing 
the highest percentage at 32.8%. Four of the 62 respondents did not reply to this statement.  
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Therefore, 15.5% rated the severity a 1 (barrier), 15.5% rated the severity a 2, 22.4% rated the 
severity a 3, and 13.8% rated the severity a 5 (not a barrier). 
Indicate how severe of a barrier the lack of security is to using Wireless Technology.  
Twenty-one of the 58 respondents rated the barrier of lack of security a 3 or neutral, 
representing the highest percentage at 36.2%. Four of the 62 respondents did not reply to this 
statement.  Therefore, 12.1% rated the severity a 1 (barrier), 17.2% rated the severity a 2, 24.1% 
rated the severity a 4, and 10.3% rated the severity a 5 (not a barrier). 
Indicate how severe of a barrier required training is to using Wireless Technology.  
Seventeen of the 58 respondents rated the barrier of required training a 3 or neutral, 
representing the highest percentage at 29.3%. Four of the 62 respondents did not reply to this 
statement.  Therefore, 3.4% rated the severity a 1 (barrier), 25.9% rated the severity a 2, 27.6% 
rated the severity a 4, and 13.8% rated the severity a 5 (not a barrier). 
Indicate how severe of a barrier return on investment is to using Wireless Technology.  
Eighteen of the 58 respondents rated the barrier of little return on investment a 5 (not a 
barrier), representing the highest percentage at 31%. Four of the 62 respondents did not reply to 
this statement.  Therefore, only 1.7% rated the severity a 1 (barrier), 15.5% rated the severity a 
2, 29.4% rated the severity a 3, and 22.4% rated the severity a 4. 
Indicate how severe of a barrier the environment is to using Wireless Technology.  
Twenty of the 58 respondents rated the barrier lack of a clean and stable environment a 4, 
representing the highest percentage at 34.5%. Four of the 62 respondents did not reply to this 
statement.  Therefore, 13.8% rated the severity a 1 (barrier), 12.1% rated the severity a 2, 25.9% 
rated the severity a 3, and 13.8% rated the severity a 5 (not a barrier). 
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Indicate how severe of a barrier wireless service plans are to using Wireless Technology.  
Twenty-two of the 58 respondents rated the barrier of price of additional wireless service 
plans a 3 or neutral, representing the highest percentage at 37.9%. Four of the 62 respondents did 
not reply to this statement.  Therefore, 10.3% rated the severity a 1 (barrier), 17.2% rated the 
severity a 2, 25.9% rated the severity a 4, and 8.6% rated the severity a 5 (not a barrier).  
While the majority of respondents rated several potential barriers at an average of 3 or 
neutral, there were some clear trends favoring either side across many of the questions. An 
average of 57% of respondents ranked durability and slow download speeds at either a 1(barrier) 
or 2, while 53.4% of respondents ranked little return on investment a 4 or 5 (not a barrier). Table 
10 summarizes the attitudinal response rate of the severity of barriers to using wireless 



































































































































The next question asked participants to choose their opinion level of whether their 
smartphone or tablet PC improves skills and tasks relating to productivity and customer service. 
Respondents chose answers from a Likert-type scale that included strongly agree, agree, 
disagree, and strongly disagree .  
My Smartphone or Tablet PC improves my productivity.  
Twenty-seven of the 55 respondents strongly agree that their smartphone or tablet PC 
improves their productivity, representing the highest percentage at 49.1%. Seven of the 62 
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respondents did not reply to this statement. Therefore, 47.3% agree, 3.6% disagree and 0% 
strongly disagree with the statement. 
My Smartphone or Tablet PC improves my problem solving skills.  
Thirty of the 55 respondents agree that their smartphone or tablet PC improves their 
problem solving skills, representing the highest percentage at 54.5%. Seven of the 62 
respondents did not reply to this statement. Therefore, 16.4% strongly agree, 29.1% disagree and 
0% strongly disagree with the statement. 
My Smartphone or Tablet PC improves material management.  
Twenty-five of the 55 respondents agree that their smartphone or tablet PC improves 
material management, representing the highest percentage at 45.5%. Seven of the 62 respondents 
did not reply to this statement. Therefore, 16.4% strongly agree, 36.4% disagree and 1.8% 
strongly disagree with the statement. 
My Smartphone or Tablet PC improves subcontractor and labor management.  
Thirty of the 55 respondents agree that their smartphone or tablet PC improves 
subcontractor and labor management, representing the highest percentage at 54.5%. Seven of the 
62 respondents did not reply to this statement. Therefore, 12.7% strongly agree, 30.9% disagree 
and 1.8% strongly disagree with the statement. 
My Smartphone or Tablet PC improves my decision making process.  
Twenty-seven of the 54 respondents agree that their smartphone or tablet PC improves 
their decision making process, representing the highest percentage at 50%. Eight of the 62 
respondents did not reply to this statement. Therefore, 16.7% strongly agree, 31.5% disagree and 
1.9% strongly disagree with the statement. 
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My Smartphone or Tablet PC improves my ability to meet tight deadlines.  
Twenty-seven of the 54 respondents agree that their smartphone or tablet PC improves 
their ability to meet tight deadlines, representing the highest percentage at 59.3%. Eight of the 62 
respondents did not reply to this statement. Therefore, 18.5% strongly agree, 20.4% disagree and 
1.9% strongly disagree with the statement. 
My Smartphone or Tablet PC improves my collaboration.  
Thirty of the 55 respondents agree that their smartphone or tablet PC improves their 
collaboration, representing the highest percentage at 54.5%. Seven of the 62 respondents did not 
reply to this statement.  Therefore, 25.5% strongly agree, 20% disagree and 0% strongly 
disagree with the statement. 
My Smartphone or Tablet PC improves my customer responsiveness.  
Thirty of the 55 respondents agree that their smartphone or tablet PC improves their 
customer responsiveness, representing the highest percentage at 54.5%. Seven of the 62 
respondents did not reply to this statement. Therefore, 40% strongly agree, 3.6% disagree and 
1.8% strongly disagree with the statement. 
My Smartphone or Tablet PC improves my ability to negotiate/win projects.  
Twenty-one of the 55 respondents agree that their smartphone or tablet PC improves 
their ability to negotiate or win projects, representing the highest percentage at 38.2%. Seven of 
the 62 respondents did not reply to this statement. Therefore, 12.7% strongly agree, 32.7% 
disagree and 12.7% strongly disagree with the statement. 
My Smartphone or Tablet PC improves my ability to monitor project cost.  
Twenty-six of the 55 respondents agree that their smartphone or tablet PC improves their 
ability to monitor project cost, representing the highest percentage at 47.3%. Seven of the 62 
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respondents did not reply to this statement. Therefore, 10.9% strongly agree, 32.7% disagree and 
9.1% strongly disagree with the statement. 
My Smartphone or Tablet PC improves my change order management.  
Twenty-three of the 54 respondents agree that their smartphone or tablet PC improves 
their ability to monitor project cost, representing the highest percentage at 42.6%. Eight of the 62 
respondents did not reply to this statement. Therefore, 14.8% strongly agree, 35.2% disagree and 
7.4% strongly disagree with the statement. 
The majority of respondents (mean = 71%) either agree or strongly agree that 
smartphones or tablet PC’s improve the listed skills and tasks relating to productivity and 
customer service. Only 3.6% disagree or strongly disagree that smartphones or tablet PC’s 
improves productivity. Table 11 summarizes the attitudinal response rate of whether a 






















• Productivity 49.1% (27) 47.3% (26) 3.6% (2) 0.0% (0) 55 
• Problem-Solving skills 16.4% (9) 54.5% (30) 29.1% (16) 0.0% (0) 55 
• Material management 16.4% (9) 45.5% (25) 36.4% (20) 1.8% (1) 55 
• Subcontractor/Labor 
Management 
12.7% (7) 54.5% (30) 30.9% (17) 1.8% (1) 55 
• Decision making 
process 
16.7% (9) 50.0% (27) 31.5% (17) 1.9% (1) 54 
• Ability to meet tight 
deadlines 
18.5% (10) 59.3% (32) 20.4% (11) 1.9% (1) 54 
• Collaboration 25.5% (14) 54.5% (30) 20.0% (11) 0.0% (0) 55 
• Customer 
Responsiveness 
40.0% (22) 54.5% (30) 3.6% (2) 1.8% (1) 55 
• Ability to 
Negotiate/Win Projects 
12.7% (7) 38.2% (21) 36.4% (20) 12.7% (7) 55 
• Ability to Monitor 
project cost 
10.9% (6) 47.3% (26) 32.7% (18) 9.1% (5) 55 
• Change Order 
Management 
14.8% (8) 42.6% (23) 35.2% (19) 7.4% (4) 54 
 
 Participants were then asked to assess the purchase volume of wireless technology that 
they anticipated for 2012 versus the same time period in 2011. The majority of respondents 
(mean = 54.5%) plan on purchasing the same amount of wireless technology during 2012 with 
the one exception being smartphones where 56.1% expected to purchase more in the upcoming 
year. Table 12 summarizes the response rate of expected purchases during 2012 versus the same 
period in 2011 by wireless technology type. 
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Table 12 










• Tablet PC’s 42.9% (24) 8.9% (5) 48.2% (27) 56 
• Smartphones 56.1% (32) 3.5% (2) 40.4% (23) 57 
• Construction related 
Mobile Applications 
36.8% (21) 5.3% (3) 57.9% (33) 57 
• Mobile Asset Management 24.1% (13) 11.1% (6) 64.8% (35) 54 
• Mobile Field Operations 
Management Solutions 
28.3% (15) 13.2% (7) 58.5% (31) 53 
• Location-Based Services 
for Construction 
23.2% (13) 19.6% (11) 57.1% (32) 56 
 
The next question sought to identify participants’ interest level in mobile applications. 
The respondents were provided with a list of mobile applications that are currently being 
developed within the construction industry and were asked to rank their interest in using them on 
a scale from 1 (least) to 5 (most).  
How much interest would you have in using timesheet tracking mobile applications? 
Seventeen of the 57 respondents rated their interest in timesheet tracking applications a 5 
(most), representing the highest percentage at 29.8%. Five of the 62 respondents did not reply to 
this question. Therefore, 24.6% rated their interest a 1 (least), 10.5% rated their interest a 2, 
15.8% rated their interest a 3, and 19.3% rated their interest a 4. 
How much interest would you have in using punch list mobile applications? 
Eighteen of the 56 respondents rated their interest in punch list applications a 5 (most), 
representing the highest percentage at 32.1%. Six of the 62 respondents did not reply to this 
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question. Therefore, 10.7% rated their interest a 1 (least), 12.5% rated their interest a 2, 14.3% 
rated their interest a 3, and 30.4% rated their interest a 4. 
How much interest would you have in using RFI submission mobile applications? 
Seventeen of the 56 respondents rated their interest in RFI submission applications a 4, 
representing the highest percentage at 30.4%. Six of the 62 respondents did not reply to this 
question. Therefore, 12.5% rated their interest a 1 (least), 12.5% rated their interest a 2, 17.9% 
rated their interest a 3, and 26.8% rated their interest a 5 (most). 
How much interest would you have in using submittal review mobile applications? 
Sixteen of the 57 respondents rated their interest in submittal review applications a 4, 
representing the highest percentage at 28.1%. Five of the 62 respondents did not reply to this 
question. Therefore, 15.8% rated their interest a 1 (least), 15.8% rated their interest a 2, 19.3% 
rated their interest a 3, and 21.1% rated their interest a 5 (most). 
How much interest would you have in using daily report mobile applications? 
Twenty-four of the 58 respondents rated their interest in daily report applications a 5 
(most), representing the highest percentage at 41.4%. Four of the 62 respondents did not reply to 
this question. Therefore, 8.6% rated their interest a 1 (least), 3.4% rated their interest a 2, 15.5% 
rated their interest a 3, and 31.0% rated their interest a 4. 
How much interest would you have in using quality checklist mobile applications? 
Twenty-three of the 58 respondents rated their interest in quality checklist applications a 
5 (most), representing the highest percentage at 39.7%. Four of the 62 respondents did not reply 
to this question. Therefore, 10.3% rated their interest a 1 (least), 8.6% rated their interest a 2, 
19.0% rated their interest a 3, and 22.4% rated their interest a 4. 
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How much interest would you have in using safety checklist mobile applications? 
Twenty-five of the 58 respondents rated their interest in safety checklist applications a 5 
(most), representing the highest percentage at 43.1%. Four of the 62 respondents did not reply to 
this question. Therefore, 10.3% rated their interest a 1 (least), 8.6% rated their interest a 2, 
10.3% rated their interest a 3, and 27.6% rated their interest a 4. 
How much interest would you have in using drawing review mobile applications? 
Nineteen of the 57 respondents rated their interest in drawing review applications a 5 
(most), representing the highest percentage at 33.3%. Five of the 62 respondents did not reply to 
this question. Therefore, 8.8% rated their interest a 1 (least), 10.5% rated their interest a 2, 
28.1% rated their interest a 3, and 19.3% rated their interest a 4. 
The majority of respondents (mean = 59.3%) rated their interest in the specified mobile 
applications either a 4 or a 5. Safety checklists and daily reports represented the highest response 
rates with a rating of 5 for 43.1% and 41.4% respectively. A mobile timesheet-tracking app 
generated the least amount of interest, with 24.6% rating the application a 1. Table 13 


























































































































The next question sought to identify whether or not participants use wireless technology 
to complete the specified tasks that were presented. It should be noted that respondents were 
permitted to select multiple answers. Of the 58 respondents, the most prevalent response was 
Email with 54 respondents selecting this answer or 93.1% of the sample. Document Management 
and Daily Reports were the next highest occurrences at 48.3% and 32.8% respectively. None of 
the above represented the lowest response rate. Figure 2 summarizes the total percentage of 
occurrences for the specified tasks completed with a smartphone or tablet PC. 
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Figure 2. Types of tasks completed with a smartphone or tablet PC (n = 58). 
Finally, participants were asked to determine their use of advanced wireless technology 
from a specified list. The majority of respondents (58.2%) selected none of the above. Field BIM 
(Building Information Modeling) represented the next highest frequency with a 21.8% response 
rate. Table 14 summarizes the total percentage of occurrences from the technology listed for 
assessing the usage of advanced wireless technology. 
Table 14 
 
Use of advanced wireless technology 
 
  Response Count     n=55 
Response 
Rate % 
Material Management with RFID 5 9.1% 
Mobile Asset Management (tools and equipment tracking) 6 10.9% 
Wireless Security/Alarm Monitoring 6 10.9% 
Digital Signature Capture 7 12.7% 
Hand held wireless scanner with RFID capabilities 11 20.0% 
Field BIM (Building Information Modeling) 12 21.8% 


















Inferential statistical analysis 
 A series of inferential statistical analyses were performed in order to increase the validity 
of conclusions drawn on the sample population and determine the probability that the results are 
a reflection of the entire population. Due to the fact that all of the questions contained a discrete 
range of answers, a series of chi-square tests and Fisher’s exact tests were computed to assess the 
relationship between variables and conclude if there was statistical significance in the responses. 
The results from Fisher’s exact test were used when more than 25% of the cells in the 
contingency table had expected counts that were less than 5. The independent categorical 
variables that were analyzed included: primary construction focus, majority of time spent in the 
field or office, age and hours per week spent on a wireless device. A p < .05 level of significance 
was used throughout the analyses. Appendix E contains a sample of the SAS statistical output 
and contingency table that was generated for the analysis. 
 The first analysis consisted of determining if there was a significant difference between 
the respondents’ primary construction focus and level of interest in the specified wireless 
technologies. Driven by the sample population size, a two-way contingency table was used with 
the independent variable grouped into Heavy/Civil and Commercial/Industrial/Residential/  
Multifamily. The dependent variable was also divided into two groups of ranking levels. The first 
group combined the ranking levels of 1-3 and the second group combined levels 4, 5 and own as 
the highest level. The chi-square (χ²) results indicated that there was no significant difference 
between the respondents’ primary construction focus and any level of ranking regarding interest 
in wireless technologies. Table 15 summarizes the statistical results of the chi-square analysis for 
construction focus and interest in wireless technologies, showing that p values were not below 




Next, the chi-square test was used to determine if there was a significant relationship 
between primary construction focus and hours per week spent accessing construction related 
content on a wireless device.  Variables were grouped into Heavy/Civil (n = 20) and 
Commercial/Industrial/Residential/Multifamily (n = 39) and compared with 0-4 hours per week 
and 5+ hours per week. The results indicated there was no significant difference between these 
two variables, χ² (1) = 1.54, p = 0.21.  
 Primary construction focus was also analyzed against the use of advanced wireless 
technology. The chi-square test revealed that there was a significant difference between 
Heavy/Civil (n = 21) and Commercial/Industrial/Residential/Multifamily (n = 41) on the use of 
Mobile Asset Management (tools and equipment tracking), χ² (1) = 7.26, p = 0.01. Respondents 
working in the heavy or civil construction industry reported a statistically significant higher 




Primary construction focus vs. level of interest in wireless technologies  
 
 χ² p-value df n 
• Tablet PC’s 0.33 0.56 1 59 
• Smartphones 0.12 0.72 1 59 
• Wireless Hotspots 0.00 1.00 1 60 
• Web-based PM software  0.01 0.95 1 59 
• GPS Tracking  0.41 0.52 1 59 
• RFID Tags  0.88 0.34 1 52 
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 Chi square results were then analyzed to determine if there was a statistical difference 
between where respondents spent the majority of their time (field or office) and interest in 
wireless technologies, time spent per week on wireless devices, perceived severity of barriers to 
wireless technology and interest in mobile applications. No significant differences were found 
between any of the variables described above. 
 Statistical analyses relating to the age of the respondents were completed next. Due to the 
sample size, it was necessary for the age variable to be combined into two groups of 18 - 35 (n = 
14) and 36+ (n = 47). A comparison was completed between age and whether participants use 
wireless technology to complete the specified tasks. Using Fisher’s exact test (df = 2) it was 
determined that a statistical relationship did exist between age and use of wireless technology, 
with a higher percentage of 18 - 35 year olds selecting a higher frequency of items for the 
question (p = 0.02). Further analysis was performed comparing age and interest in wireless 
technologies, yet no significant differences were present. 
 Chi-square analyses were performed classifying the hours per week spent accessing 
content on a wireless device as the independent variable and comparing it to several questions 
including: interest in wireless technologies, interest in mobile applications, type of information 
accessed and the opinion level of wireless technology improving productivity and customer 
service. It was observed that no significant difference existed between the relationship of hours 
spent per week and interest in wireless technologies. In addition, the relationship between hours 
spent per week and interest in mobile applications did not reveal a significant difference. 
However, a statistically significant difference was found between hours spent per week and types 
of information and applications accessed from a wireless device, χ² (2, n = 59) = 10.25, p = 
0.006. Therefore, respondents who spent more than five hours per week accessing construction-
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related content on a wireless device were more likely to make a higher number of selections from 
the specified list. While the relationship between the two variables is unremarkable, it is an 
important test that reinforces the validity of the results.  
 Lastly, the chi-square analysis was applied to determine if there was a statistical 
difference in the responses between hours per week spent accessing content on a wireless device 
and the opinion level of wireless technology improving productivity and customer service skills. 
A significant difference existed among several items including: problem-solving skills, material 
management, subcontractor/labor management, decision making process, ability to meet tight 
deadlines, ability to negotiate/win projects, ability to monitor project cost and change order 
management. Therefore, respondents who are spending more time per week on their wireless 
device are able to realize improvements on productivity and the customer service skills outlined 
above. Consequently, those who spend less time on their wireless device view improvements in 
these skills less favorably. Table 16 summarizes the statistical results of the chi-square analysis 
for hours per week spent on a wireless device and perceived productivity and customer service 
improvements from wireless technology.  
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Table 16 
Hours per week spent on a wireless device vs. productivity of wireless technology  
 χ² p-value df n 
• Productivity 1.49 0.22 1 55 
• Problem-Solving skills 4.93 0.02 1 55 
• Material management 4.53 0.03 1 55 
• Subcontractor/Labor Management 6.95 0.01 1 55 
• Decision making process 4.58 0.03 1 54 
• Ability to meet tight deadlines 4.24 0.04 1 54 
• Collaboration 1.20 0.27 1 55 
• Customer Responsiveness 2.28 0.13 1 55 
• Ability to Negotiate/Win Projects 20.55 0.0001 1 55 
• Ability to Monitor project cost 9.69 0.001 1 55 
• Change Order Management 10.41 0.001 1 54 
 
Summary 
This chapter presented the analysis of the results from the study that was conducted to 
identify the current state of wireless information technology among employers of Bowling Green 
State University Construction Management students. The analyses were based upon the 
empirical data gathered from a survey and calculated for frequencies and statistical significance. 
The results were categorized into an overview of the response rate, a descriptive statistical 
analysis and inferential statistical analysis.  
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SECTION V.  SUMMARY, DISCUSSION AND RECOMMENDATIONS 
The previous chapter reviewed the findings of the study through an overview of the 
response rate, a descriptive statistical analysis and inferential statistical analysis.  This chapter 
presents a summary of the study, a discussion and recommendations for future studies.   
Summary 
The problem of this study was to identify the current state of wireless information 
technology among employers of Bowling Green State University Construction Management 
students. Research objectives were formulated to address the problem of this study. The 
outcomes of the research objectives will be reviewed as part of this summary.   
Research objective 1:  To assess the current state of wireless information technology 
within the construction industry.  
An extensive literature review was completed in order to measure the current body of 
knowledge pertaining to wireless information technology within the construction industry. 
Recent developing trends promise to introduce efficiencies and technological capabilities that 
were not previously available within the industry. The information discovered from the review 
was critical to the development of the questionnaire. Incorporating both current and future 
wireless technology trends into the questions ensured that an accurate assessment of wireless 
technology was completed on the sample population.  
The survey (Appendix D) was sent to employers of Bowling Green State University 
Construction Management students. The Office of Cooperative Education in the College of 
Technology at BGSU provided a list of contacts for the study. Contacts were sent a recruitment 
message that contained a link to a questionnaire through an electronic survey service called 
SurveyMonkey. The response rate to this survey was 20.8% and consisted of a diverse 
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representation of individuals across the industry. Based on the demographic information 
collected in the survey, the following summary is provided for the sample population. 
• 56.5% were from the commercial/industrial industry while 33.9% were from the 
heavy/civil industry. 
• 62.9% were employed by a general contracting firm. 
• 85.5% spent the majority of their time in the office. 
• 56.5% were between the ages of 36-55 and 33.9% were between the ages of 18-35. 
Additional detail on the demographic data for the study can be found in Tables 3, 4, 5, and 6.   
Another set of questions asked for specifics regarding participants’ current wireless 
technology usage, interest and habits. Based on the data collected from the survey, the following 
summary represents the current usage and interest statistics on wireless technology among 
employers of BGSU Construction Management students. 
• An average of 72.1% of respondents had a high interest towards using tablet PC’s, 
smartphones and wireless hotspots. 
• 67.2% had a high interest in WPM software. 
• 37.7% had the lowest amount of interest towards using RFID tags. 
• 66.1% access project management information from a wireless device very rarely or not 
at all. 
• 94.7% access email and 49.1% access drawings from their smartphone or tablet PC. 
• 42.4% spend 1-4 hours per week on a wireless device and 23.7% spend 5-9 hours per 
week accessing construction-related content. 
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• 56.1% expect to purchase more smartphones in 2012 versus the same time period in 
2011, while an average of 54.5% expect to purchase the same amount of tablet PC’s, 
applications and advanced wireless technology. 
• An average of 59.3% rated their interest in mobile applications a 4 or 5 (most). The most 
interest (43.1%) was attributed to safety checklist applications. 
• 58.2% do not use any of the advanced wireless technology listed, while 21.8% have used 
BIM. 
Additional detail on the data relating to the current state of wireless technology can be found in 
Tables 7, 8, 9, 12, 13, 14 and Figure 1. 
Research objective 2:  To identify the positive and negative aspects of utilizing wireless 
networking information technology on construction projects. 
Two multi-part survey questions sought to complete an attitudinal assessment of 
respondents’ opinions of wireless technology. The use of ranking and Likert-type scales in the 
questionnaire created the opportunity for participants to express a wide assortment of views 
towards many different wireless technologies and tasks. Special consideration was taken to 
ensure that questions were not leading respondents towards a predetermined conclusion. An 
unbiased statistical analysis followed to determine items in which affirmative conclusions could 
be drawn as well as bring to light to any views that were unfavorable towards wireless 
technology. Based on the data collected from the survey, the following summary represents the 
current opinions of wireless technology among employers of BGSU Construction Management 
students 
• An average of 57% ranked durability and slow download speeds a barrier to wireless 
technology. 
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• 53.4% indicated that concern with return on investment was not a barrier. 
• 71% either agree or strongly agree that wireless technology improves skills and tasks 
relating to productivity and customer service. 
• Only 3.6% disagree or strongly disagree that smartphones or tablet PC’s improve 
productivity. 
Additional information on the data relating to the current state of wireless technology can be 
found in Tables 10 and 11. 
Research objective 3: To develop a future vision for wireless information technology in 
the construction industry. 
In order to foresee future possibilities for wireless technology, it was important to 
identify trends occurring in the sample population and analyze the entire data set from several 
perspectives. Completing the inferential statistical analysis allowed for an investigation into 
significant relationships between several different variables, indicating to a high probability that 
the results are reflective of the research population as well as the construction industry as a 
whole. Based on the data collected and analyzed from the survey, the following summary 
represents an analysis of relationships between variables relating to wireless technology among 
employers of BGSU Construction Management students. 
• No significant difference exists between primary construction focus and the following: 
o Interest in wireless technologies 
o Hours per week spent on a wireless device 
• Those working in the heavy or civil industry reported a significantly higher usage of 
mobile asset management technology. 
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• No significant difference exists between where respondents spend the majority of their 
time (field or office) and the following: 
o Interest in wireless technologies 
o Time spent per week on wireless devices 
o Perceived severity of barriers to wireless technology 
o Interest in mobile applications 
• A significant difference exists between age and the use of wireless technology, with a 
higher percentage of 18 - 35 year olds using more types of technology. 
• Participants who spend more time accessing content on a wireless device are more likely 
to look favorably upon wireless technology improving the following: 
o Problem-solving skills 
o Material management 
o Subcontractor/labor management 
o Decision making process 
o Ability to meet tight deadlines 
o Ability to negotiate/win projects 
o Ability to monitor project cost 
o Change order management 
Additional information on the data relating to the inferential statistical analysis of significant 






 The following discussions are centered on the objectives of the research and are based on 
a number of observations that were made throughout the study from the data collected from the 
survey. 
Research objective 1:  To assess the current state of wireless information technology 
within the construction industry.   
 The review of literature presented the need for a progression towards enhanced digital 
communication and documentation that can be accessed and transferred, regardless of the time or 
location. This achievable goal can be simplified with the use of various wireless technologies 
currently available. While interest levels among respondents are high, the results of the research 
study reveal several areas that need improvement before significant progress is made.  
Tablet PC’s, smartphones, and wireless hotspots generated the most attention among 
wireless technology hardware with an average of 72.1% of respondents indicating a high level of 
interest in these technologies. In regards to software, an average of 59.3% rated their interest in 
mobile applications a 4 or 5 (most) with the highest interest in applications that can complete 
daily reports, safety checklists and quality checklists. However, it was discovered that a 
discrepancy exists between the interest and usability of WPM software. 67.2% of respondents 
indicated a high interest in using WPM software on a wireless device, yet 66.1% are only 
accessing project management information from a wireless device a few times per month or not 
at all. A general trend throughout the study was that interest levels in wireless technologies were 
rated higher than actual frequencies of use. Therefore, it was concluded that software developers 
could be struggling to meet the usability needs of professionals in the construction industry. This 
could be the result of existing project management software packages not yet able to adapt their 
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functionality to a wireless platform that is not server-based. Sage Timberline Project 
Management is one example of a popular project management software package that is not 
accessible through a web-based host (na.sage.com). It could also be inferred that WPM software 
that has already been developed for mobile platforms does not meet the users’ needs for 
displaying information that can be easily viewed and modified on a wireless device. 
The study found that the most popular information accessed from a wireless device was 
email. While it is encouraging that 94.7% of respondents are processing email wirelessly, it 
leaves much improvement for critical project information such as drawings, specifications, 
punch lists and daily reports that all resulted in much lower response rates. It is surprising that 
despite several low-cost options being available to access this information, respondents are 
reluctant to switch from their current work habits. Due to the fact that essential project 
documents are not accessed wirelessly by the majority of respondents, it is not alarming that the 
usage of advanced wireless technology, such as RFID, was low for the study with 58.2% not 
selecting any of the specified options. 
Research objective 2:  To identify the positive and negative aspects of utilizing wireless 
networking information technology on construction projects. 
The survey included both Likert-type and numerical ranking questions to assess the 
attitude of respondents across the sample towards wireless technology. The results revealed 
several concerns that respondents possessed which may be preventing the successful 
implementation of wireless technology in the construction industry. It was concluded that slow 
download speeds and durability are the largest barriers that keep people from using wireless 
technology. With 55.1% of respondents citing slow download speed as a barrier, it is anticipated 
that the industry will look favorably upon the recent availability of new mobile data network 
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technologies, such as 4G LTE, that promise a significant increase in transfer speeds. Also, 
ruggedized cases are now available for most wireless devices to address concerns with durability. 
On a positive note, respondents do believe that obtaining a return on their investment of wireless 
technology is achieved with 53.4% indicating that this was not a barrier to use. 
Wireless technology was found to make improvements to most of the participants’ work-
related responsibilities. It was concluded that the majority of respondents agree that smartphones 
or tablet PC’s improved skills and tasks ranging from productivity to customer service. Tasks 
that received more disagreement related to the statement that wireless technology improves 
respondents’ abilities to negotiate projects and monitor project costs. It was concluded that these 
areas are an obvious shortcoming of wireless devices and may represent complex tasks that are 
beyond the current processing and display abilities of these devices.  
Research objective 3: To develop a future vision for wireless information technology in 
the construction industry. 
The series of inferential statistical analyses performed were a crucial part to increasing 
the validity of the results and determining significant relationships that to a certain probability 
are a reflection of the entire population. The first analysis investigated to what affect primary 
construction focus had on the respondents’ interest in wireless technologies and the hours per 
week spent on a wireless device. The results showed no significant difference and it can 
therefore be concluded that people in various disciplines of construction tend to share similar 
usage habits and views towards wireless technology. The same findings applied for the 
distinction between field and office, with no significant relationships occurring. Therefore, it is 
important to focus attention on the need for industry-wide solutions for implementing wireless 
technology. 
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Individuals in the heavy/civil specialization did make one exception and reported a 
significantly higher usage of mobile asset technology, consistent with industry’s employment of 
heavy equipment and the importance of tracking its location. Also, the age group of 18 – 35 
year-olds was determined to use a significantly higher number of different types of wireless 
technology than the group of individuals over the age of 36. While this relationship was 
discovered, it is important to note that other analyses were completed against the age variable 
that did not reveal a significant difference. This could indicate that technology usage is becoming 
less dependent upon age and more dependent upon other variables within the industry that are 
yet to be determined.  
Lastly, time spent accessing content on a wireless device was analyzed in order to 
investigate how important it was against opinion levels towards productivity improvements. It 
was concluded to a high level of probability that a significant difference did exist. Therefore, 
respondents who are spending more time per week on their wireless device are able to realize the 
improved synergistic effect on productivity and customer service skills. Consequently, those who 
spend less time on their wireless device view improvements in these skills less favorably. This 
relationship underlines the fact that real improvements can be seen from individuals who are 
devoted towards spending more time towards learning and using these devices.   
One can be certain that wireless technology will continue to open up new avenues of 
innovation in the future and as it continues to evolve outside of the construction industry, 
developers within the industry will need to embrace the continued adaption and increase their 
efforts to meet the needs of users. Soon the generational technological age gap will disappear and 
users already knowing the potential payback, will advocate for incorporating advanced 
technology into all aspects of the organization. Interactive, online collaboration will be 
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commonplace among project teams and companies will need to create more flexible 
organizational roles as fragmentation increases. It can be seen that education and open-
mindedness will be paramount to the successful adoption of future technology. 
Recommendations 
 The following recommendations for future study are offered: 
1. This study should be repeated every three years to evaluate the impact that future 
developments in wireless technology may have towards the construction industry. 
2. Incorporating open-ended questions into a questionnaire should be considered so that 
respondents who disagree with items on the attitudinal assessment component are given the 
opportunity to provide specific reasons why. 
3. An analytical survey should be completed for further investigation into the relationships and 
associations that were discovered to be statistically significant. 
4. This study should be reviewed by the BGSU College of Technology Construction 
Management to consider including the results as part of a learning outcome for future 
coursework.   
5. Additional survey research should be conducted to increase the response rate from workers 
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APPENDIX A 






Dear [FIRST NAME]: 
 
You are invited to participate in a study on Wireless Technology in construction. You have been 
selected as a current or previous employer of BGSU Construction Management students.  
 
I estimate that it will take approximately 15 minutes to complete the survey.  Your response is 
appreciated by APRIL 6, 2012. 
 
Please click on the following link to begin the survey [SURVEYLINK].   
 
If you have any questions or would like to obtain the results of this survey or study, you can contact 
me at aseymou@bgsu.edu or (419) 340-7817 or my advisor Dr. Alan Atalah, PE, at 
aatalah@bgsu.edu or (419) 372-8354.  You may also contact the Chair, Human Subject Review 
Board, Bowling Green State University, (419) 372-7716 (hsrb@bgsu.edu), if you have any questions 
about your rights as a participant in this research. 
 
Please note: If you do not wish to receive further emails from us, please click the link below, 


























Web-based Survey Questions 































































Sample SAS Statistical Output 
 
